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How to illustrate complementarity?

• Qualitatively: the presence of a signal in:

5

Colliders Direct
detection

Indirect
detection

The point being this:

CPM Meeting, Fermilab 2012

Complementarity

...or this?Are we talking
 about this?



Phenomenological MSSM

Study detectability of SUSY DM in the context of the Phenomenological MSSM 
(pMSSM; Berger et al. 2009) 

More flexibility that highly constrained MSSM scans (i.e. cMSSM or mSUGRA) 

Describe the range allowed physics rather than the “best-fit” SUSY models

Model set generated from a numerical scans over the 19-dimensional parameter 
space of the pMSSM parameters (see Cotta et al. 2011, Cahill-Rowley et al. 
2012)	

10 squark masses, 3 gaugino masses, 3 tri-linear couplings, 3 Higgs sector 
parameters

Apply current experimental constraints:

Collider searches; CMS/ATLAS

Direct Detection WIMP-Nucleon Cross Section Limits (XENON100)

Upper bound on WIMP Relic Density (WMAP7): ΩDM h2 < 0.123 

~200k model points survive, each of which have uniquely described observables

More details in talks by A. Ismail (Thurs.), R. Cotta (Thurs.), M. Wood 
(Thurs.), M. Cahill-Rowley (Thurs.), T. Rizzo (Fri.), R. Cotta (Fri.)
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Figure 13 J-values for dSphs within a radius of 0.5◦ as a function of their Galactocentric distance.

In this case NFW profiles are assumed for the dark matter density, though the results are very

weakly dependent on the assumed central dark matter profile for dSphs with large data samples

(compare to Figure 14).

can be shown that in a manner similar to the calculation for the integrated mass in Section 4, the

J-value is best constrained within an integrated physical radius that strongly correlates with the

half-light radius (Walker et al., 2011). To better appreciate this, consider that the nearest classical

satellites are at distances of approximately 70− 80 kpc. For a dSph at this distance, the half-light

radius corresponds to less than approximately one degree, which is about the angular resolution of

the Fermi-LAT over a large energy range of interest. This is the region within which the integrated

density and the integrated density-squared are the best constrained from the kinematic data sets.

Thus the assumption of a core or a cusp for the density profile does not significantly affect the
gamma-ray flux predictions for the Fermi-LAT. As discussed more below, however, for instruments

with better angular resolution than the Fermi-LAT, the assumption of a core or the cusp is much

more relevant.

The theoretical developments outlined above have significantly improved the determinations of

the J-values of the dSphs since the time when they were first determined over a decade ago (Baltz

et al., 2000; Tyler, 2002; Evans et al., 2004; Bergstrom and Hooper, 2006). Strigari et al. (2008)

and Martinez et al. (2009) have developed a maximum likelihood method to determine J-values
from stellar kinematical and photometric data using the likelihood in Equation 36. More recently

groups have extended this analysis though in all cases the calculations are generally in good agree-

ment (Charbonnier et al., 2011).

For nearby dSphs that are most relevant for gamma-ray observations, the most updated de-

terminations of the J-values are shown in Figure 13. Here an NFW profile is assumed for the

dark matter density profile, as in Ackermann et al. (2011). However, as is shown in the proba-

bility density in Figure 14 the results are weakly dependent on whether a cored or cusped central

density profile is assumed for the dark matter. Figure 13 clearly indicates which dSphs are the

most interesting targets for indirect dark matter detection experiments. The two dSphs with the

largest J-values, Segue 1 and Ursa Major II, are ultra-faint satellites with sparse samples of stars

associated to them. Specifically, the J-values for Segue 1 and Ursa Major II in Figure 13 were
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Ackermann et al., 2011

• Dwarf galaxies are some of the most dark 
matter dominated objects in the universe

• Dark matter content can be assessed 
through the study of stellar kinematics

• Assume that the same dark matter particle 
in all dwarf spheroidal galaxies

• Perform a combined likelihood analysis of 
multiple dwarfs with 2 years of data
• Predicted flux for each dwarf will depend on 

individual dark matter content (J-factor)
• Statistical uncertainties in J-factor 

determined from stellar kinematic data.
• Fit backgrounds independently for each 

dwarf

• Include uncertainty in the dark matter 
content as nuisance parameters in the 
likelihood

Fermi-LAT Observations 
of Dwarf Galaxies
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• Improvements to the LAT dataset:

• Longer integration time

• Improved LAT performance 

• More complete sample of dwarf 
galaxies:

• DES will probe the population of 
faint satellite galaxy out to a radius 

~120 kpc (Rossetto et al. 2011)

• Predicted that DES could discover 
19 to 37 new satellite galaxies 

(Tollerud et al. 2008)

• Investigate a factor of 10 increase in 
LAT sensitivity to dwarf galaxies.

4-Yr Pass 7 Median Expected Limit
4-Yr Pass 7 Expected Limit, +30 dSphs
10-Yr Pass 7 Expected Limit, +30 dSphs

Future Observations
DES Survey Footprint (Rossetto et al. 2011)



• Examine CTA performance including a US 
contribution of 36 mid-sized telescopes

• Relative to current ground-based 
instruments:

• 10x increase in sensitivity

• 10x increase in core energy range

• Decreased energy threshold

• Increased angular resolution

• Galactic center presents best dark matter 
target

• 500h observation

• 95% C.L. sensitivity assuming NFW 
profile

• Annular region surrounding GC to 
minimize foregrounds (H.E.S.S.-style 
analysis)

Cherenkov Telescope Array

More from M. Wood (Thurs.)

CTA GC b-bbar (500h)



Predicted 10-year 
Fermi-LAT dSphs

Predicted 500h
CTA GC



Fermi-LAT Exclusion CTA Exclusion

pMSSM Exclusion Fraction







Winos

Higgsinos

Spin-Independent Direct DetectionColliders

Spin-Dependent Direct Detection Indirect Detection





DD  :  6%
ID  :  1%
LHC : 42%

DD  :  1%
ID  : 63%
LHC : 10%

DD  : 95%
ID  : 80%
LHC :  8%

DD  : 100%
ID  :  11%
LHC :  32%



Conclusions
• Indirect detection is approaching the tip of the SUSY iceberg.

• A high-mass Wino/Higgsino band lies just below the surface.

• Indirect detection constraints will meaningfully impact high-
mass models

• Regions of high-mass, low scattering cross section may 
only be detectable through indirect means (complementarity 
in constraint).

• Region of extensive overlap between direct and indirect 
detection provide multiple handles for characterization 
(complementarity in detection).
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• Assume same dark matter particle in all dwarf 
spheroidal galaxies

• Perform a combined likelihood analysis of 
multiple dwarfs
– Predicted flux for each dwarf will depend on 

individual dark matter content (J-factor)
– Include statistical uncertainties from stellar 

kinematic data.
– Fit backgrounds independently for each dwarf

• Joint likelihood function:

Alex Drlica-Wagner   |   Fermi DM Overview

Joint Likelihood Analysis
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Shared by all dwarfs
(dark matter particle 

parameters)

Fit for each dwarf
(background sources)
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